Introduction 28
The tropospheric polar vortex has gained unprecedented media attention during the past except where noted, the results are similar. 82 The statistical significance of the composites is calculated both using a 500 member boot 83 strap method and a sign-test which indicates where a certain percentage of composite mem-84 bers have the same sign as the composite mean. The chances for a given percentage of events 85 to have the same sign as the composite mean is determined using a binomial formula, assum-86 ing equal chances for positive and negative anomalies. Spatial correlations between two pat-87 terns are calculated after weighting each by square root of cosine latitude, and the statistical 88 significance is estimated by correlating one of the patterns with the corresponding field from 89 1000 randomly chosen days. We define several kinds of events, as follows: To obtain a regional CTP index, we begin by calculating the global CTP patterns using 92 a method similar to Branstator [2002] . The global CTPs are the first two EOFs of the win-93 ter anomalies of monthly mean 300−hP a meridional wind, calculated by removing each sea-94 son's Dec-Feb mean fields from the monthly mean meridional wind fields. A square root of 95 cosine latitude weighting is used for the analysis (so that the variance is weighted by a co-96 sine latitude). Unlike Branstator [2002] , we use the full meridional wind, rather than non di-97 vergent meridional wind, since the two give very similar results. We note that without remov-98 ing the seasonal mean anomalies, the first EOF has a planetary scale, and using daily fields 99 gives a pair of zonal wavenumber 6 patterns for the first EOFs . 100 Using monthly ERA-Interim data, the first two EOFs (shading, Figure 1 ) are a pair of 101 quasi zonal wave number 5 patterns which explain 13.3 and 11.5 percent of the variance, and 102 are not well separated according to the North et al. [1982] criterion, suggesting that they span 103 a continuum of zonal wave number 5 patterns with arbitrary phase. The robustness of these 104 patterns is examined using NCEP and discussed in the supplementary information ( Figure S1 ).
105
Following Feldstein and Dayan [2008] , we obtain daily regional CTP indices by projecting the 106 daily 300 − hP a meridional wind anomalies onto specific zonal sectors of the global CTPs of 144 o was chosen to capture two full wavelengths of zonal wave 5. We then project the daily 110 data onto the second CTP pattern in this region. We refer to this pattern as the Circumglobal 111 North American (CNA) pattern, and to its normalized projection as the CNA index.
112
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To define positive CNA events, we find the days on which the 5-day running mean of 113 the CNA index exceeds its mean by one standard deviation. We define the peak value to be 114 the event center, with events being separated by at least one day in which the index drops be-115 low one half a standard deviation above the mean. We find 78 positive events for ERA-Interim 116 (and 123 events for NCEP). We do not impose any additional time separation, but find that 117 the vast majority of events are separated by 7 or more days. To examine the possibility of precursor patterns, we repeat the procedure done for CNA 120 events, using a Eurasian region: 0 − 144 o E, 10 − 85 o N (see the box in Figure 4a ), and de-121 fine events in a similar manner. We find 79 events using ERA-Interim and 139 events in NCEP. 
143
The meridional wind anomaly associated with the coldest 78 USC events, on the other hand 144 is in phase with the second CTP pattern (compare shading and contours in the right panel).
145
This motivates us to further examine the relation between USC events and times when the flow 146 projects strongly onto the second CTP over North America (which we have defined as CNA 147 events). Before doing so, we note that the two CTPs are roughly in quadrature over the Pacific- is strong and significant for more than one week, making these quasi-stationary wave pack-169 ets efficient in driving temperature anomalies.
170 Figure 3 shows the surface temperature composites for both kinds of events (right and 171 left columns), with the USC fields shifted 3 days earlier than the CNA events. We see a strong 172 similarity between the two types of events with the peak cold anomaly covering most of North 173 America and a warm anomaly over Alaska and the Bering sea, at USC lag 0, CNA lag 3. At 174 these times, both anomalies reach their coldest values over North America, and the spatial cor-175 relation between the two fields is maximal (0.85, statistically significant above the 99.9% level).
176
The time evolution is also quite similar, with the peak USC cold anomaly starting from the 177 northwest, spreading over most of the continent and shifting towards the east coast. The CNA 178 cold anomalies do not shift meridionally in time as much as the USC events, and they are pre-179 ceded by stronger anomalies over the Pacific Ocean and over Asia at early time lags, suggest-180 ing the Asian wave packet precursor temperature signal is more robust for CNA events. We 181 note that the NCEP 2-meter temperature, which is derived differently from ERA Interim, shows 182 slightly weaker and shorter lasting cold anomalies for the CNA events ( Figure S2 ), and the 183 ocean 2-meter temperature anomalies are absent. 184 Also shown (middle column) is the number of CNA composite members which have the 185 same sign as the composite mean at each grid point (the hit-rate). Much of the statistically 186 significant cold anomalies occur in more than 65% of the CNA events, and at the peak cold 187 anomaly, in more than 75% and even 85% of the events (the chances of this happening ran-188 domly are much less that 1%). Of the 76 CNA events (we exclude two because at lag -7 they 189 overlap with the peak of the preceding event), 30 are followed within 7 days by one of the ter). We further find that 36.9% of the days on which the USC index is less than -1.0 are pre-197 ceded 3 days earlier by a CNA index above 1.0 standard deviation, and 62% are preceded by 198 a CNA projection above 0.5 standard deviations (see the conditional CNA distribution for all 199 days vs strongly negative USC days in Figure S3 ). During the 2013-14 winter there was a suc- around day 11, in some regions occurring in more than 67% of composite members (these anoma-216 lies are also found in NCEP though in a smaller more poleward region, Figure S5 ). We fur-217 ther count how many Eurasian wave packet events were followed by one of the 78 coldest USC 218 events, 8-12 days later. This choice of range of lags is made to in order to include both day 219 9, when the spatial correlation with the corresponding surface temperature anomalies over the 220 CNA area is highest (0.7, statistically significant at the 99% level), and day 11, when the strongest 221 temperature anomalies (Figure 4f ) take place. We find this happens for 9 of the 77 Eurasian 222 wave packets (excluding two which overlap at lag +11 of the peak of the preceding event), 223 which is exactly the 90th percent statistical significance level. Figure 3a of Linkin and Nigam, 2008] with the CNA suggests that they project 252 strongly onto each other in some regions but the two are not the same. -13-Confidential manuscript submitted to Geophysical Research Letters Figure S2 . As in the left columns of figures 2 and 3 but using NCEP data. Note the absence of the ocean surface air temperature anomalies found for ERA-Interim (Figure 2a,c,e ), despite the similarities of 300 − hP a v between the two data sets (compare to Figure 3a ,c,e). Since there are 123 events for this data set, the chances to randomly get 67% of the composite members with the same sign of the composite itself are 0.03%. 
